We present the first records of ophiuroids found in 6 tropical coastal lagoons of the northern Yucatán Peninsula. Specimens were collected from Ría Celestún, Chelem, Dzilam, Ría Lagartos, Yalahau, and Nichupté-Bojórquez lagoons, during May and June 2010. Six species belonging to the families Amphiuridae, Ophionereididae, and Ophiodermatidae were recorded. Amphiodia pulchella was recorded in all lagoons; Ophiostigma isocanthum was recorded only in Yalahau, and Ophionereis olivacea and Ophioderma appressa were recorded only in Nichupté-Bojórquez. Amphiodia cf. planispina was recorded in all the coastal lagoons except in Yalahau; all the individuals of this species were juveniles. Finally, Ophiophragmus filograneus was recorded in Ría Celestún, Ría Lagartos, and Nichupté-Bojórquez, being a new record for the southern Gulf of Mexico. The range of distribution of these species is extended and their presence in brackish waters is recorded, an environment that has not been properly studied concerning ophiuroids.
Introduction
There is a great diversity of echinoderms in the Gulf of Mexico (Durán-González et al., 2005; Pawson et al., 2009) . The number of ophiuroid species that have been recorded in the Gulf of Mexico has increased through time. For example, Durán-González et al. (2005) reported 49 species of ophiuroids in the Gulf of Mexico, while Hernández-Herrejón et al. (2008) reported 68 species, and Solís- Marín et al. (2013) in the most recent review reported 79 species. In Mexico, the class Ophiuroidea represent approximately 40% (197 species) of the total species recorded (Solís-Marín et al., 2014) . New records and range extensions for species of ophiuroids are often reported in the literature (Solís-Marín et al., 2015) .
Benthic fauna has been studied in Ría Celestún, Chelem, Dzilam, Ría Lagartos, and Yalahau but no ophiuroid species had been reported in these lagoons (Kuk-Dzul et al., 2012; May-Kú & Ordóñez-López, 2006; May-Kú et al., 2014; Pech et al., 2007) . The aims of this study were: 1) to provide an annotated checklist of ophiuroids from 6 coastal lagoons in the same geographic area, 2) to report geographical extensions for those species in the Gulf of Mexico and Caribbean Sea, and 3) to characterize the habitat occupied by the ophiuroid fauna at the sampling sites.
Material and methods
The Yucatán Peninsula has a plain calcareous soil, and its shelf is formed from calcite sand (Ellwood et al., 2006) ; it does not have surface rivers but it has underground flows and the weather is tropical wet-dry (Aw). Coastal lagoons are water bodies parallel to the coast, formed by barriers that separate them from the ocean; they have permanent or intermittent inlets which have a connection with the sea (Kjerfve, 1994) . These ecosystems are highly productive and function as nurseries for some species; these environments are also highly variables in temperature, salinity, and turbidity (Kennish & Paerl, 2010) . In coastal lagoons only a small number of species can tolerate these environmental conditions; furthermore, species numbers often decrease from the sea mouth to the inner zone (Tagliapietra et al., 2005) .
The 6 tropical coastal lagoons examined in this study are located in the northern Yucatán Peninsula, 5 of them in the Gulf of Mexico (Ría Celestún, Chelem, Dzilam, Ría Lagartos, and Yalahau) and an additional lagoon in the Caribbean Sea (Nichupté-Bojórquez). Dzilam has an area of 9.4 km 2 which, compared to Yalahau (275 km 2 ), is 30 times smaller. Ría Celestún and Ría Lagartos, in their inner zone, are oligohaline and hyperhaline, respectively (Herrera-Silveira et al., 1999) . The presence of seagrasses is common in these coastal lagoons, the representative species are Halodule wrightii, Ruppia maritima, and Thalassia testudinum (Herrera-Silveira & Morales-Ojeda, 2010; Herrera-Silveira et al., 1998) . Ría Celestún is used for tourism and sport fishing (Córdoba-Azcárate, 2006), Chelem is a locally important port due to its proximity to the port of Progreso, Dzilam is a natural protected area, Ría Lagartos is used for tourism, Yalahau is on the maritime route to Holbox Island with moderate impact from fishing, and Nichupté-Bojórquez is a lagoon system in one of the most important tourist attractions in Mexico (Cancun, Quintana Roo). Except for Chelem and Nichupté-Bojórquez, these coastal lagoons have an environmental protection status (Conanp, 2017) .
We sampled 40 sites in the 6 coastal lagoons in May and June 2010. Based on lagoon size, 6 sites per lagoon were sampled in Ría Celestún, Chelem, Dzilam, and Ría Lagartos, and 8 sites in Yalahau and Nichupté-Bojórquez ( Fig. 1) . At each site, depth, salinity, dissolved oxygen (DO), and pH were measured with a handheld multiparameter instrument (YSI 556), as well as oxidationreduction-potencial (ORP). Five sediment samples were collected per site for benthic infauna analysis using a Birge-Ekman grab (total sampled area per site = 0.112 m 2 ). Samples were stored in one-liter plastic bottles with MgCl 2 (8%) to relax the benthic organisms, and after 10 min formalin (10%) was added to the bottles to fix them. One extra sediment sample was collected and preserved at 4 °C to determine sediment texture using the sand, silt, and clay content. For submerged aquatic vegetation (SAV), 3 sediment samples were collected with a 15.6 cm diameter PVC core (total sampled area per site = 0.057 m 2 ) and then frozen for further analysis in the laboratory.
Ophiostigma isocanthum se registró solo en Yalahau, y Ophionereis olivacea y Ophioderma appressa se registraron solo en Nichupté-Bojórquez. Amphiodia cf. planispina se registró en todas las lagunas con excepción de Yalahau; todos los individuos de esta especie fueron juveniles. Finalmente, se registró Ophiophragmus filograneus en Ría Celestún, Ría Lagartos y Nichupté-Bojórquez, siendo también un nuevo registro para el sur del Golfo de México. Se amplía el rango de distribución de estas especies y se registra su presencia en aguas salobres, un ambiente que no se ha estudiado adecuadamente con respecto a los ofiuroideos.
Palabras clave: Bentos; Aguas salobres; Nuevos registros; Golfo de México; Mar Caribe https://doi.org/10. 22201/ib.20078706e.2019.90.2698 Benthic macrofauna samples were washed with tap water to eliminate excess formalin and salts, passed through a 500 μm mesh sieve, preserved with 70% alcohol, and stored in plastic bottles. Using stereoscopic and compound microscopes, ophiuroids were identified to the lowest taxonomic category, based on regional taxonomic keys (Hendler et al., 1995; Hernández-Herrejón et al., 2008; Laguarda-Figueras et al., 2009 ). The collected organisms were deposited in the Colección Nacional de Equinodermos de México "Dra. Ma. Elena Caso Muñoz", Instituto de Ciencias del Mar y Limnología, Universidad Nacional Autónoma de México (ICML-UNAM). Extra sediment samples were dried by lyophilization at low temperature (-45 °C) and low pressure (96 × 10 -6 bar). Sand, silt and clay percentage were then calculated using the pipette method (Rump & Krist, 1992) . Finally, SAV samples were thawed and seagrass species identified.
Results
Ophiuroids were found in 22 of the 40 sampled sites: Ría Celestún (2 sites), Chelem (3 sites), Dzilam (5 sites), Ría Lagartos (2 sites), Yalahau (4 sites), and Nichupté-Bojórquez (6 sites) (Fig. 1) . During the study period, depth ranged from 0.2 to 2.7 m, salinity from 17.9 to 41.8 PSU, and pH from 8.3 to 9.0. The oxidation-reduction potential (ORP) was negative throughout the study (-94.9 to -25.7 mV) . Ophiuroids from the coastal lagoons comprised 6 species belonging to 3 families: Amphiuridae, Ophionereididae, and Ophiodermatidae (Table 1) .
Family Amphiuridae Ljungman, 1857 Genus Amphiodia Verrill, 1899 Amphiodia pulchella (Lyman, 1869) ( Fig. 2A-D) Diagnosis (modified from Hendler et al., 1995) . The disc is covered by fine scales, with radial shields in contact. The primary plates are prominent in small individuals but generally absent in large individuals. The radial shields are elongated, naked, joined in the distal part, and separated in the proximal part. The oral shields are large and subpentagonal with rounded tips. The adoral plates are large and approximately half the size of the oral shields. The oral plates are long and thin. Each jaw has 3 pairs of contiguous oval oral papillae, and the teeth are rectangular. There are 2 oval and deep genital slits in each interradial space. The dorsal arm plates are oval, and the lateral plates are thin with 3 spines of the same size; the spines are flattened, blunt in the distal part, wide in the proximal part, and with a serrated edge. The arms have an oval tentacular scale on each side of the ventral plates.
Material examined: ICML-UNAM 12497, 1 specimen, 2 December 2015, Ría Celestún (20°46'45" N, 90°24'21.2" W), depth 1.1 m; ICML-UNAM 12500, 2 specimens, 10 Geographic distribution: Bermuda; Bahamas; Florida, USA; Cuba; Mexico; Jamaica; Panama; Puerto Rico; Belize; Windward Islands; Leeward Antilles; Saint Lucia; Tobago; Brazil, and Argentina (Hendler et al., 1995) .
Distribution in Mexico: Tampico, Tamaulipas; Sistema Arrecifal Veracruzano, near Coatzacolacos, Veracruz; Celestún, Chelem, Dzilam, Ría Lagartos, Yucatán; Cozumel, Isla Mujeres, Puerto Morelos, Yalahau Lagoon, Nichupté-Bojórquez lagoon system, and near Cabo Catoche, Quintana Roo (Fig. 2E) .
Habitat: depth: 0.3-2.7 m; water salinity: 17-41 PSU; dissolved oxygen: 2-11 mg L -1 ; pH: 8.3-9.0; ORP: -94.9 to -35.0 mV; sediment texture: sandy silt, shells, clay, sand, silt; submerged aquatic vegetation: Halodule wrightii and Thalassia testudinum. Amphiodia cf. planispina (von Martens, 1867) (Fig. 3A-D) Diagnosis (after von Martens, 1867; Hendler et al., 1995) . Disc thick, covered with scales; such scales do not form a protruding border on the edge of the body. Two thirds of its length touches the peripheral edge of the oral disc, the lower edge approximately as long as it is wide, with adoral margin somewhat convex. Three compressed brachial spines, flattened and blunt, perpendicular to the longitudinal direction of the arms. The dorsal spine is the largest in the proximal segments of the arm, while the most ventral is the largest towards the tip of the arms. Geographic distribution: from Florida, USA to Argentina (Pawson et al., 2009) .
Ophiostigma isocanthum
Distribution in Mexico: Celestún, Chelem, Dzilam, and Ría Lagartos, Yucatán; Nichupté-Bojórquez lagoon system, Quintana Roo (Fig. 3E) . 
Genus Ophiophragmus Lyman, 1865
Ophiophragmus filograneus (Lyman, 1875) (Fig. 4A-D) Diagnosis (after Lyman, 1875). Close set granules along the margin and on part of the interbrachial spaces of disc. Radial shields short, as wide as the arms, and joined along their whole length. Three mouth-papillae on each side, the innermost one stout. Arms long and slender. Geographic distribution: from the southern tip of the Florida Peninsula to Pensacola Bay on the northwest coast, Mosquito Lagoon (near Cape Canaveral) in the northeast, Biscayne Bay and Whitewater Bay, USA (Hendler et al., 1995) and Mexico.
Distribution in Mexico: Celestún, Chelem and Ría Lagartos, Yucatán; Yalahau Lagoon and Nichupté-Bojórquez lagoon system, Quintana Roo (Fig. 4E) .
Habitat: depth: 0.4-2.7 m; water salinity: 18-38 PSU; dissolved oxygen: 4.1-8.8 mg L -1 ; pH: 8.4-8.8; ORP: -74.3 to -35 mV; sediment texture: clay, sand, sandy silt, silt; submerged aquatic vegetation: Halodule wrightii and Thalassia testudinum.
Genus Ophiostigma Lüken, 1856
Ophiostigma isocanthum (Say, 1825) (Fig. 5A-D) Diagnosis (after Hendler et al., 1995) . The disc is covered by numerous short, blunt tubercles that obscure the scales and may cover the radial shields. Usually several of the tubercles near the radial shields are markedly larger than the rest. However, the distal most oral papillae, which set it apart from the latter species, are long, opercular, and close the gaps between the jaws. The adoral shields overgrow the first ventral arm plates, both series thereby forming a nearly continuous circle of plates around the mouth. The 3 arm spines are blunt and somewhat flattened. Dorsal arm plates near the disc are subovoidal; they touch or overlap one another. The grainy texture of the lateral arm plates contrasts with the smooth dorsal and ventral arm plates. There are 2 small, slender tentacular scales.
Material examined: ICML-UNAM 12517, 1 specimen, 13 July 2010, Yalahau Lagoon (21°27'05.1" N, 87°19'17.7" W), depth 0.4 m.
Geographic distribution: Bermuda, Bahamas; from North Carolina to Florida and Florida Keys, Dry Tortugas, Texas, USA; Cuba; Jamaica; Puerto Rico; British Virgin Islands, Leeward Islands; Barbados; Tobago; Curaçao; Aruba; Costa Rica, Panama, Colombia, Venezuela and Brazil (Hendler et al., 1995) .
Distribution in Mexico: Sacrificios Island, Veracruz; Puerto Morelos, Cozumel, Contoy Island, Cabo Catoche and Yalahau Lagoon, Quintana Roo (Fig. 5E) .
Habitat: depth: 0.4 m; water salinity: 36.5 PSU; dissolved oxygen: 2.0 mg L -1 ; pH: 8.3; ORP: -94.9 mV; sediment texture: clayey sand; submerged aquatic vegetation: Halodule wrightii.
Family Ophiodermatidae Ljungman, 1867 Genus Ophioderma Müller & Troschel, 1840
Ophioderma appressa (Say, 1825) (Fig. 6A, B) Diagnosis (modified from Say, 1825) . Disc covered by granules with small scales below the granules. The radial shields are small, oval-shaped, and completely covered with granules. The oral shields are large in a triangular shape with rounded corners. The adoral plates are triangular, each pair is completely separated by the oral shield. The oral plates are elongated, wider proximally. Each jaw has 7 pairs of oral papillae, and the teeth are subtriangular. There are 4 genital clefts in each interradial space. The ventral arm plates are square, the dorsal plates are subrectangular, and the lateral plates have 6-9 spines, which are a conical shape, thick, roughly textured, and attached to the arms. Ventrally arms have 2 tentacular scales, the central arm is oval and slightly bigger than the lateral arm, which is approximately square.
Material examined: ICML-UNAM 12522, 2 specimens, 15 July 2010, Nichupté-Bojórquez Lagoon (21°07'43" N, 86°45'11" W), depth 1.6 m; ICML-UNAM 12528, 2 specimens, 15 July 2010, Nichupté-Bojórquez Lagoon (21°06'54.2" N, 86°45'47.2" W), depth 1.2 m.
Geographic distribution: Bermuda; Bahamas; South Carolina, Florida and the Florida Keys, the Dry Tortugas, Texas offshore reefs; Cuba; Jamaica; Haiti; Puerto Rico; British Virgin Islands, Leeward Islands; Barbados; Tobago, Trinidad; Curaçao; Aruba; Belize; Swan Island, Honduras; Isla de la Providencia, Colombia; Panama, Venezuela and Brazil (Hendler et al., 1995) and Mexico.
Distribution in Mexico: Tamaulipas; Sistema Arrecifal Veracruzano, Veracruz; Cayo Arenas, Campeche; Ría Lagartos, Yucatán; Cabo Catoche, Puerto Morelos, https://doi.org/10. 22201/ib.20078706e.2019.90.2698 Cozumel, Bahía de la Ascensión, and Nichupté-Bojórquez lagoon system, Quintana Roo (Fig. 6C) .
Habitat: depth: 1. Clark,) . The disc has a well-defined central scale and distal scales more elongated than the rest; small imbricate scales cover the whole disc. The radial shields are thin and separated.
The oral shields are small and oval; the adoral plates are small, subtriangular. With 4 pairs of oral papillae in each mandible and 2 genital slits in each interradial space. The dorsal plates are small, subtriangular in the first segments, becoming wider than long towards the middle of the arms; they present an additional plate on both sides of the dorsal plate. The ventral plates of the arms are longer than they are wide; in the middle part of the arm and on each side they present a large tentacular scale. Three spines in each segment of the arms, the most ventral one is as long as the segment, the average is 2 times longer.
Material examined: ICML-UNAM 12524, 7 specimens, 15 July 2010, Nichupté-Bojórquez Lagoon (21°07'43" N, 86°45'11" W), depth 1.6 m; ICML-UNAM 12527, 10 specimens, 15 July 2010, Nichupté-Bojórquez Lagoon (21°06'54.2" N, 86°45'47.2" W), depth 1.2 m.
Geographic distribution: the Florida Keys, USA; Puerto Rico; Colombia; Belize (Hendler et al., 1995) and Mexico.
Distribution in Mexico: Puerto Morelos and Nichupté-Bojórquez lagoon system, Quintana Roo (Fig. 7E) . Habitat: depth: 1.1-1.6 m; water salinity: 28-32 PSU; dissolved oxygen: 4.6-4.8 mg L -1 ; pH: 8.5; ORP: -74.3 to -52.6 mV; sediment texture: sandy silt; submerged aquatic vegetation: Thalassia testudinum.
Discussion
In the southern Gulf of Mexico, there are no studies related to ophiuroid species in brackish environments. This study provides new records for 6 coastal lagoons from the northern Yucatán Peninsula. Amphiodia pulchella, Ophiostigma isocanthum, Ophioderma appressa, and Ophionereis olivacea have previously been recorded in https://doi.org/10. 22201/ib.20078706e.2019.90.2698 Mexican coastal waters (Laguarda-Figueras et al., 2009) , whereas Amphiodia cf. planispina has been recorded only in the southeastern Gulf of Mexico (Pawson et al., 2009 Most studies on echinoderms in Mexico are taxonomic, and little information has been published on the ecology of echinoderms in this region (Solís-Marín et al., 2014) . We found ophiuroids in a salinity range of 18 to 42, providing evidence that these organisms may live in brackish and even in hyperhaline environments (Salamon et al., 2012) . Amphiodia pulchella and Ophiophragmus filograneus were recorded in this study under mesohaline and hyperhaline conditions, respectively. Ophiophragmus filograneus has been reported inhabiting brackish waters of Florida, USA (Turner & Meyer, 1980) . Finally, O. filograneus has been associated with Halodule wrightii (Thomas, 1961) ; nevertheless, in this study, this ophiuroid species was associated with Thalassia testudinum.
In this study, ophiuroids were found in DO levels ranging from 2 to 11 ml L -1 ; most of the species were found in DO levels ≥ 3.8 ml L -1 . However, Amphiodia pulchella and Ophiostigma isocanthum were found in sites with DO ≥2.0 ml L -1 , and some ophiuroid species, such as Ophiura albida, can tolerate severe hypoxic conditions (Díaz & Rosenberg, 1995) . This ecological information could be used to classify ophiuroid species as sensitive, tolerant or opportunist species with the purpose of determining the ecological quality of coastal and marine ecosystems (Borja et al., 2000; Mistri & Munari, 2008; Simboura & Zenetos, 2002) .
All the ophiuroid species mentioned in this study are new records for the tropical coastal lagoons of the northern Yucatán peninsula. Besides, we present a new record of Ophiophragmus filograneus in Mexican waters. Finally, the very presence of Amphiodia pulchella and O. filograneus suggest that they are adapted to sites with high variability in water salinity and dissolved oxygen. The sampling method employed for collecting echinoderms in this study is unusual because it was intended primarily for benthic macroinfauna; in this sense, the catch may be considered incidental. These results extend the distribution range for these species and highlight their presence in brackish waters, an environment that has yet to be extensively studied worldwide concerning this Echinodermata class.
